P
araspinal muscles are commonly affected during spine surgery.
1 This is partly due to retraction or dissection techniques, which can potentially result in iatrogenic denervation, ischemic or thermal damage, and progression to eventual atrophy of the paraspinal muscles. [1] [2] [3] [4] This may lead to pain and instability and contribute to poor clinical outcomes, increased morbidity, and surgical failures requiring revision surgery, which is an additional challenge for the treating surgeon. Furthermore, disuse of the paraspinal muscles as a consequence of a lumbar fusion may also contribute to postoperative paraspinal muscle atrophy (PMA). [1] [2] [3] 5 Some authors have suggested that because paraspinal muscles are supplied by the posterior rami of the spinal nerves and do not have intersegmental innervation, injury to these nerves potentially damages all the muscle bundles they innervate. 6 Several studies have introduced surgical modifications to attempt to preserve the posterior rami and minimize potential postoperative PMA. 4, 5, [7] [8] [9] [10] [11] [12] These include modifying incision length, exposure techniques, retraction, and screw trajectory and using lower electrocautery settings. [7] [8] [9] [10] [11] [12] However, to the current auParaspinal muscles are commonly affected during spine surgery. The purpose of this study was to assess the potential factors that contribute to paraspinal muscle atrophy (PMA) after lumbar spine surgery. A comprehensive review of the available English literature, including relevant abstracts and references of articles selected for review, was conducted to identify studies that reported PMA after spinal surgery. 
Materials and Methods
A systematic review of the literature was performed to identify studies that reported PMA after lumbar spine surgery. In accordance with the PRISMA (preferred reporting items for systematic reviews and meta-analyses) guidelines, 13 the electronic medical databases of PubMed, SCOPUS, EMBASE, CINAHL, and Web of Science were independently searched by 2 authors (S.P., K.I.) to identify all relevant reports of patients undergoing lumbar spine surgery with evidence Level I to IV. The keywords searched were paraspinal muscle, paraspinal muscle atrophy, and PMA. Only English-language full-text manuscripts or abstracts that had quantified outcomes were reviewed. Following review of all relevant reports, the references of articles selected for review were further assessed to identify studies that were not captured in the initial database search.
Eligibility Criteria for Study Inclusion
Inclusion criteria included (1) reports on PMA related to a lumbar spine procedure irrespective of the level of evidence; (2) studies with reported follow-up; and (3) reports that quantified the postoperative PMA. Exclusion criteria included (1) case reports; (2) studies that did not report quantified outcomes; (3) studies with less than 6 months of follow-up, and (4) and non-English-language studies.
Assessment of Level of Evidence and Methodological Quality of the Studies
Two authors (S.P., K.I.) performed the initial literature search independently, and, after a consensus decision, all studies included in the final analysis were selected. A third author's (A.E.) opinion was obtained when a consensus decision could not be reached in the assessments. Level of evidence ratings were assigned to each study using criteria set by the Journal of Bone and Joint Surgery for therapeutic studies. In addition, 2 authors (S.P., K.I.) conducted a quality assessment for each of the studies selected for final analysis. Quality assessment of all the selected reports was made by using the 12-point Methodological Index for Non-randomized Studies (MINORS) criteria. These criteria have been previously reported to have high test-retest, external and internal validity, and interobserver reliability. [14] [15] [16] A modified 24-point quality assessment scale for observational studies was also used to analyze the methodological quality of the studies in this study.
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Analysis
Mean weighted percent of PMA, immediate postoperative creatine phosphokinase (CPK) levels, and radiographic outcomes were extracted, and weighted mean values according to the number of patients in each study were calculated. The volumetric postoperative PMA was defined as the percent volume of the multifidus muscle that atrophied postoperatively with respect to the multifidus's initial preoperative size. Initially, all lumbar spine fusions were evaluated as a single cohort, and outcomes were compared with all other procedures that did not involve a fusion. Afterward, outcomes in the fusion cohort were further substratified according to the surgical approach: anterior or posterior (posterolateral, transforaminal lumbar interbody fusion [TLIF] , and posterior lumbar interbody fusion [PLIF] ). Furthermore, all outcomes were also substratified according to whether they were performed through MIS (paraspinal/ Wiltse) or non-MIS approaches.
All statistical analyses were performed using SPSS version 16 statistical software (IBM Corporation, Armonk, New York). The degree of postoperative volumetric PMA and elevations in postoperative CPK levels were stratified according to the approach and surgical technique and analyzed with the unpaired 2-tailed Student's t test. Results with a P value less than or equal to .05 were considered to be statistically significant.
results
Study Identification
In total, 12 studies (Figure 1 ) evaluating 529 patients (262 men and 267 women) were analyzed in the final review (Table) . Of these, 365 patients had lumbar spine fusions and 164 had lumbar decompressions without fusion. Radiographic analysis was with magnetic resonance imaging (MRI) in 9 studies and computed tomography in 3 studies.
Quality Assessment
The levels of evidence were as follows: 1 Level I, 2 Level II, 8 Level III, and 1 Level IV. Mean score for the 12 studies as per the modified quality assessment scale was 12 points (range, 8-17 points; maximum score, 22 points), 17, 18 whereas mean score for the MINORS scale was 13 points (range, 11-18 points; maximum score, 24 points).
Outcomes
Mean postoperative volumetric PMA was significantly higher in the fusion vs the nonfusion cohort (19.8%±11.3% vs 9.1%±6.9%, respectively; P=.0001) (Table and Figure 2) .
When outcomes were substratified according to the type of approach in the fusion cohort, mean postoperative volu-metric PMA was significantly different between anterior and posterior procedures (6%±10% vs 24.7%±10.1%, respectively; P=.0001) (Figure 3) .
When fusion outcomes were substratified according to MIS fusion vs non-MIS fusion, mean postoperative PMA was significantly lower in MIS fusions (10.2%±8.9% vs 24.7%±11.7%, respectively; P=.001).
When posterior nonfusion outcomes (ie, lumbar laminectomies/diskectomies) were substratified according to MIS decompression and non-MIS decompression, there were no significant differences in the mean PMA (8.6%±4.3% vs 9.4%±10.2%, respectively).
discussion
Paraspinal muscles are commonly affected during lumbar spine surgery due to retraction and dissection.
1-3 Thus, postoperative PMA may be an approach-related issue. With anterior procedures, the paraspinal muscles are not violated; therefore, postoperative PMA may not occur. Similarly, with MIS approaches (paraspinal/Wiltse procedures) vs non-MIS approaches, there may be less paraspinal denervation and subsequent postoperative PMA. However, an additional culprit was noted in the current study because there was significant postoperative PMA with the standalone anterior lumbar interbody fusions. Also, when the cohorts were matched with respect to surgical approach, more postoperative PMA was seen in the fusion procedures than in the decompression-alone procedures. Therefore, the purpose of this study was to systematically assess the literature and quantify postoperative PMA as a result of disuse muscle atrophy from lumbar fusion and separately assess how much postoperative PMA is an approach-related issue.
There are several limitations to this study, which are potentially inherent in most systematic reviews. The authors were limited by the methodological quality of the original studies, length of follow-up, and number of patients analyzed in each study. Most studies were based on Level III or IV evidence, and quantification methods were not identical in all cases. Some of the studies did not report the different preoperative lumbar pathologies that necessitated the surgery, which may potentially affect the postoperative outcomes. The physical therapy protocols were often not reported, and it is unlikely there was uniformity in the methods or duration of various modalities. Radiographic analyses were performed during different time frames, and inter-and intraobserver error margins for the radiographic outcomes were not routinely reported. Medical comorbidities that could potentially affect the healing process, including diabetes mellitus and smoking, were not evaluated in any study. Despite these limitations, the authors believe the results are valuable because, to their knowledge, no previous study has attempted to systematically quantify the amount of postoperative PMA according to surgical procedure.
The current study showed that an addition of fusion (posterolateral or interbody) to lumbar surgery increased the amount of postoperative PMA. This conclusion was supported by all studies. Disuse muscle atrophy after a lumbar fusion is significant. Suwa et al 5 evaluated the amount of postoperative PMA in 42 patients who had received single-level laminectomy, 13 patients who had received multi-level laminectomy, and 34 patients who had received posterolateral fusion (PLF). Magnetic resonance imaging at 10-month follow-up showed PMA amounts of approximately 3% and 6.5% in the single-level and multi-level cohorts, respectively; however, the PLF cohort had approximately 11.5% PMA.
An equally important determinant of postoperative PMA may be the surgical approach, specifically anterior vs posterior lumbar surgery. There is a paucity of literature on the anterior approach; however, all studies that evaluated this concept showed that posterior lumbar fusion cohorts had more postoperative PMA. Therefore, by going anteriorly, where none of the paraspinal muscles are disrupted, there may be less postoperative PMA. Motosuneya et al 4 compared PMA in 11 patients who had received anterior lumbar interbody fusion (ALIF) with 19 patients 
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